A 3-year study was conducted in Iowa to evaluate the feasibility of using composting for emergency disposal of cattle mortalities. During the study, 49 metric tons of 450 kg cattle carcasses were composted in 27 replicated unturned windrow test units constructed during three different seasons of the year. Each test unit contained 1.8 metric tons of carcasses enveloped in one of 5 different materials: corn silage, ground cornstalks, straw/manure, leaves, or a soil/compost blend. Due to their water absorbing capacity and ability to evaporate absorbed water, the volume of leachate released into the soil was generally less than 5% of the 500-600 mm of precipitation that fell on the test units. Chemical analysis of 1.2 m deep soil cores collected from beneath the composting test units prior to and following composting showed statistically significant increases in chloride concentrations at all depths beneath composting test units constructed from silage, cornstalks, straw, and the soil/compost blend. Statistically significant increases in % total carbon (silage test units only) and % total nitrogen (silage, cornstalk, straw/manure test units) were limited to the top 15 cm of soil. Increases in these pollutants were moderate, amounting to less than 5X, 0.2X and 0.4 X respectively of chloride, % total carbon, % total N concentrations prior to composting. Statistically significant increases in total ammonia-nitrogen were noted at depths of up to 90 cm beneath test units constructed with silage or leaves, and at 30 cm and 15 cm depths respectively beneath test units constructed with straw/manure and cornstalks. The ammonianitrogen increases were large, ranging from 40-160 X of pre-composting levels of ammonia in the topsoil. When compared with the groundwater pollution potential of carcass burial, however, the estimated total mass of N contained in the composted cattle carcasses was 4-10 X the increases in total N measured in the soil beneath the composting test units. The authors are solely responsible for the content of this technical presentation. The technical presentation does not necessarily reflect the official position of the American Society of Agricultural and Biological Engineers (ASABE), and its printing and distribution does not constitute an endorsement of views which may be expressed. Technical presentations are not subject to the formal peer review process by ASABE editorial committees; therefore, they are not to be presented as refereed publications. Citation of this work should state that it is from an ASABE meeting paper. EXAMPLE: Author's Last Name, Initials. 
Introduction
In the event of a contagious poultry or livestock disease outbreak or agro-terrorism incident, herd or flock depopulation could pose serious environmental problems in Iowa where poultry and livestock populations are among the largest of any state in the U.S. (15,800,000 pigs [#1 in U.S.]; 3,400,000 cattle & calves [# 8] ; and 50,000,000 laying hens [#1]).
Anticipating these issues, the Iowa Department of Natural Resources (IDNR) commissioned a three-year study by Iowa State University (ISU) to evaluate the feasibility, environmental impacts, and biosecurity of using composting for emergency disposal of large quantities of livestock or poultry carcasses.
Project objectives included: development and testing of on-farm composting procedures that can be rapidly implemented during an emergency; field scale monitoring of process performance indicators such as internal temperature, internal oxygen concentration, carcass decomposition time; assessment of environmental impacts including odor emissions, leachate production, and soil contamination; and evaluation of process bio-security including the ability to retain and inactivate viral pathogens.
Previous ASABE conference papers presented preliminary findings pertinent to process performance, odor emissions, leachate production, and biosecurity. This paper presents a detailed analysis of soil pollution caused by the emergency composting process.
Literature Review
Groundwater pollution concerns (Ritter and Chirnside, 1988; Glanville, 1993) and the increasing costs of rendering service and other disposal methods led to early trials and adoption of composting for routine disposal of non-disease-related poultry mortalities in the late 1980's and early 1990's (Murphy and Handwerker, 1988; Owings, 1990; Blake and Donald, 1992; Carter, 1993) . Successful use of composting in the poultry industry ultimately led to interest in and adoption of composting in the swine production industry as well (Fulhage, 1994 (Fulhage, , 1995 Hermel, 1992 Hermel, , 1993 Morrow and Ferket, 1993) . More recently several projects have been initiated to investigate the practical potential for using composting for non-emergency disposal of cattle, road-kill deer, and other large carcasses (Bonhotal and Harrison, 2005; Kirk et. al., 2005; Mukhtar et. al. 2003 , Murphy et. al., 2004 Goldstein, 2004 , Singleton, 2002 Morse, 2001 ).
The foot-and-mouth disease outbreak in Great Britain in 2001, and more recent worldwide concern regarding the spread of avian influenza in wild and domesticated birds has greatly increased interest in possible use of composting for emergency disposal of large numbers of poultry or livestock in the event of a disease outbreak. Much of the scientific support for this rests on past studies of pathogen inactivation during non-emergency composting of livestock and poultry manure and carcasses. In lab scale studies avian influenza, avian adenovirus, Newcastle disease, and infectious bursal disease viruses were inactivated after passing through a two-stage bin composting process (Senne et al., 1994) . Composting procedures studied by Murphy (1990) destroyed Salmonella enteritidis, S typhimurium, S sefentenberg, Listeria monocytogenes, Pasteurella multocida, and Aspergillus fumigatus. In North Carolina studies, mean total coliform counts of more than 300,000 organisms per gram of dry turkey litter solids were reduced to 22,000 during the 1st stage of a three-stage turkey carcass composting process, and to 4,000 and 300 organisms in the second and third stages respectively (Carter, 1993) . Swine carcass composting research in North Carolina produced composting temperatures (60 -70 °C) of sufficient duration to destroy or greatly reduce Salmonella, pseudorabies virus, and Erysipelas rhusiopathiae (Morrow et al., 1995) . Similar work in Michigan showed that viable Salmonella cholerasuis could not be detected in the carcasses of experimentally-infected pigs after 7 days, and Actinobacillus pleuropnumoniae were inactivated within 35 days (Rozeboom and Siera, 1996, Siera, 1995) . Forshell and Ekesbo (1993) reported that composting of cattle manure inactivated Salmonella dublin, S senftenberg, and S typhimurium in less than 7 days while the same organisms survived 183 to 214 days in uncomposted manure. Similarly, S senftenberg and S typhimurium survived less than 7 days in composted sow manure, and a heat-resistant strain of S typhimurium experimentally added to cage layer manure was rapidly destroyed when compost temperatures exceeded 60 C (deGraftHanson et al., 1990) .
To date, use of composting for emergency disposal of carcasses known to be infected with a contagious disease has been quite limited. Bendfeldt (2005) reported that composting was used to a limited extent during a 2002 avian influenza outbreak in Virginia, and during a similar incident in 2004 in the Delmarva area. The Canadian Food Inspection Service reported successful use of passively aerated windrows for disposal of poultry carcasses during an outbreak of highly pathogenic avian influenza in British Columbia in 2004 (Stepushyn, 2004; Spencer, et. al. 2004 ). In-depth guidelines for emergency composting of birds are currently being developed by agencies in Australia, Canada, and the U.S. Methods designed specifically for in-house composting have been evaluated for the U.S. Poultry and Egg Association by Tablante et. al. (2003) .
While a great deal of composting research and demonstration work has been carried out during the past 15 years, much of it has been done with small quantities of carcasses and cover materials, and using intensively managed (frequently turned) composting procedures. Additional study is needed to further develop composting practices that can be relied on to maintain biosecurity and acceptable environmental impacts while using equipment, materials, and methods that are likely to be employed during emergency conditions.
Study Design & Procedures
After considering potential operating constraints posed by various emergency scenarios, project investigators concluded that unturned windrows offered the simplicity and flexibility needed for successful emergency implementation by livestock producers. Windrow systems are easy to adapt to any size or quantity of carcasses, they can be constructed with on-farm equipment, and windrow maintenance is limited mainly to periodic repair of holes caused by settling or burrowing scavengers.
Those familiar with composting practices will recognize that use of unturned windrows is somewhat unconventional. Most composting windrows are turned periodically to increase organics degradation rates, and to reduce pathogen survival by increasing the amount of material exposed to the core of the windrow where temperatures are typically highest. While turning of mortality composting piles generally reduces carcass decay time, in instances where death is caused by disease turning also can increase biosecurity risks by releasing viable pathogens into the air. Therefore, to fully assess the practical value of composting for emergency situations, it was decided that the benefits and drawbacks of not turning needed to be documented during this research.
Experimental Design
Field trials were conducted using full-scale -6 m (long) x 5.5 m (wide) x 2.1 m (high) -windrows. Since type of cover material and seasonal weather conditions are critical factors in the performance of mortality composting operations, the experimental design was formulated to facilitate performance comparisons between three potential emergency cover materials operating under three potentially stressful seasonal weather conditions -hot/dry (summer), cold (winter), and cool/wet (spring). To improve the power of statistical analyses, seasonal and cover material combinations were originally planned to be replicated three times (unanticipated failure of one cover material precluded this) resulting in a total of 27 field test units (3 cover materials x 3 seasons x 3 replications).
Each test unit contained four 450-kg cattle carcasses placed on a 60-cm thick absorptive base layer of material and covered with 30-45 cm of the same material. Corn silage, ground cornstalks, and yard waste compost were originally selected for testing. The first two are found on most cattle farms and would normally be available in an emergency.
Though not typically found on crop or livestock farms, yard waste compost was selected for testing because -due to a ban on land filling of yard wastes passed by the Iowa Legislature in the late 1980s -this material is stockpiled by many community or county composting facilities throughout the state and could conceivably provide substantial quantities of organic material that could be used as an emergency cover material. Two seasonal trials using compost from the Iowa State University yard waste composting facility, however, showed that material from this particular facility was a very fine textured soil-like material with high bulk density (hereafter referred to as a "soil/compost blend") and that it performed very poorly as a mortality composting cover material. It is likely that coarser textured (more mulch-like) yard waste composts available from other composting facilities would have functioned adequately as an emergency cover material but, since this kind of compost would have been costly to haul to the research site, this material was dropped from the study and replaced (trial # 3 only) with dry unprocessed leaves. Although leaves performed similarly to ground cornstalks, the research team subsequently concluded that large quantities of leaves were unlikely to be available on a consistent basis thereby significantly reducing the reliability of leaves as a potential emergency composting material.
Ground oat straw, a material that is likely to be available to cattle farmers throughout much of the year, was selected for use in the remainder of the replicated field tests. To evaluate the feasibility of simultaneous disposal of infected manure, a 15-cm layer of scraped cattle feedlot manure also was placed over carcasses composted in test units constructed with ground straw. Since the straw/manure design was introduced during year two of the study, only two seasonal replications were done with these materials. Table 1 summarizes starting dates, cover materials, and number of trial replications for each of the six seasonal trials conducted during the study. 
Compost System Operation
Once the windrows were constructed, operating and maintenance procedures during the research were minimal. Since windrows were not turned, it was occasionally necessary to add cover material to prevent carcass exposures caused by pile settling or occasional burrowing animals.
All test units were allowed to compost for approximately one year. During this time, small portions of selected test units were temporarily excavated with a backhoe 3-6 months following construction to photograph and assess carcass degradation.
Leachate Quantity and Quality
During seasonal trials 1-4, plywood leachate trays (four feet wide by 8 feet long) lined with plastic sheeting were placed beneath each pair of cattle carcasses in a test unit to capture nearly all of the leachate draining from the base of the windrow. The trays were designed to be emptied through suction lines leading to the outer edges of the piles. The trays were plagued by leaks and plugging of the leachate drain tubing. As result, data on leachate quantities in trials 1-4 were deemed unreliable. For the 12 test units included in trials 5 and 6, plywood trays were abandoned and leachate was captured in U-shaped PVC plastic troughs constructed from half-sections of 6-inch diameter PVC water pipe. Two collectors were installed in each test unit -one beneath each pair of carcasses -and each was positioned so as to capture an integrated sample of leachate contributed by the carcasses and the adjacent cover materials. The troughs were mounted on 2x10 treated lumber beams that sloped from the center of the piles toward the outer edges thereby permitting gravity transfer of leachate into 1-liter polyethylene bottles at the edges of the windrow ( Figure 1 ). The leachate collector bottles, which were translucent, made it easy for researchers to tell when they were full and needed to be replaced ( Figure 1 ). After transfer to the lab and storage in a freezer, total leachate sub volume was measured, and sub-samples were tested for total solids, total organic carbon (TOC), nitrate (NO 3 ), and ammonia-nitrogen (NH 4 -N). 
Soil & Quality Monitoring
To evaluate the impacts of the carcass composting process on soil chemistry, four soil cores (3.1 cm diameter X 1.2 m long) were collected from the area beneath each test unit before and after carcass composting. Two of the four post-composting cores were collected near the center of the test units directly beneath the cattle carcasses, and two were collected from locations nearer to the edge of the test units where leachate would originate mainly from the cover material.
All cores were collected and stored in plastic zero-contamination core tube liners that were immediately transported to the lab and frozen. Prior to analysis, each tube was cut into 6 segments. Since it was anticipated that mean contaminant concentrations and variability in the upper half of the tubes were likely to be higher than in the lower half, the top 60 cm of each sample were cut into four 15-cm sections, and the bottom 60 cm were cut into two 30-cm sections. Sub-samples were tested for moisture content, total C and total N via combustion analysis, and for NH 4 -N, NO 3 -N, and Cl via standard wet chemistry procedures using KCl as the extractant for adsorbed species, and water for extraction of NO 3 -N and Cl.
Results and Interpretations
Leachate Quantity
The accumulated depths of leachate captured by collectors beneath each of the 12 test units in trials 5 and 6 are shown in Figure 2 . These data indicate that leachate depths were only 1-5% of the accumulated precipitation that fell on the unsheltered test units. Considering that the 1.8 metric tons of cattle carcasses in each test unit contained roughly 1200 liters of water -the equivalent of about 90 mm of depth when spread over the area directly beneath the carcasses -and that an additional 500-600 mm of water was added by precipitation, this result is surprising, and it emphasizes the important liquid storage function of material that is placed over and beneath the carcasses. Not only do these materials temporarily absorb excess water, but they also provide a gas permeable matrix that facilitates evaporation of excess water from the piles. Evidence of this phenomenon -in the form of water vapor leaving the upper surface of the composting windrows -can be seen when periods of active composting coincide with cool external temperatures. As a result of this, the volume of leachate released from the bottom of the piles is much less than combined quantities of water contributed by carcasses and precipitation.
The accumulated depths of leachate show a consistent trend with regard to cover material type. The total amount of leachate produced by test units constructed with corn silage was always greater than that produced by adjacent piles constructed with cornstalks or the straw/manure, and the least amount of leachate was produced by cornstalk test units.
Trial 5 exhibited considerable variability in the amount of leachate released from replicated piles within the same trial. Test units in the west half of trial 5 yielded 3-4 times the volume of leachate produced by similar materials in the east half of the trial. The reasons for this are uncertain. Trial 5 was constructed during a wet and foggy two-day period in early November of 2003, so cover materials used in the west half of the trial may have been wetter than those in the east half. Significant snowfall and drifting in December of 2003 may also have also contributed to uneven water loading on the east and west halves of the trial. Finally, trial 5 was constructed by a different research technician than the other trials and, in general, the total amount of base and cover material used in the trial 5 test units was less than in other trials and this may have contributed to differences in water holding capacity. 
Leachate Quality
As shown by summary data in Table 2 , mean nitrate-nitrogen concentrations in leachate from composting trials 5 and 6 ranged from 39 to 268 mg/L with the highest values found in leachate from straw/manure trials and the lowest from silage. Ammonia-nitrogen ranged from 190 mg/L to nearly 1400 mg/L, with the highest values again originating in straw/manure test units and the lowest values in silage. Total solids and total organic carbon (as C) ranged from 5,000 -30,000 mg/L, and 1,000 -10,000 respectively. For these two parameters, cornstalk test units produced the lowest concentrations, while maximum values continued to originate in the straw/manure test units. 2 ) calculated from the leachate volume and pollutant concentration data. Release of total solids (dissolved + suspended) was similar for silage and straw/manure test units, but considerably higher than the mass of solids released by cornstalks.
Although total organic carbon concentrations in leachate can be quite high, organic carbon loading does not appear to contribute greatly to soil organic carbon content. Soils with 2% Figure 3 (10-150 g/m 2 ) the mass of organic carbon in the topsoil would be increased by less than 8%.
With one exception, calculated nitrogen loading rates were low compared to typical nitrogen fertilizer application rates. Ammonia-nitrogen loading rates from 10 of the 12 test units in trials 5 and 6 were 5 g/m 2 or less, which is equivalent to 50 kg/ha (45 lbs/acre) of N and is well below the 140-170 kg/ha (120-150 lbs/acre) of N typically applied to corn fields. Two straw/manure test units in trial # 5, however, exhibited NH 3 -N loading rates of 8 and 23 g/m 2 which are equivalent to 80 and 230 kg/ha of N respectively (71 and 205 lb/acre of N). Since the high N loading rates were observed only in the straw/manure test units, it is believed that they were caused by the cattle manure in these test units, and not by the carcasses. Nitrate-nitrogen loading rates were even lower -typically 1 g/m 2 or less for silage and cornstalks, and 2-3 g/m 2 for straw/manure test units. Table 3 summarizes mean soil pollutant concentrations prior to composting, and Tables 4-8 summarize mean pollutant concentration increases (post-composting concentration -precomposting concentration) and identify those cover materials and depth increments where statistical analysis indicates that the increases are significantly different (p< 0.05) from zero.
Soil Contamination

Total Carbon
As shown in Table 4 , the only statistically significant (p < 0.05) increase in % total carbon occurred in the top 15 cm (0.5 ft) of soil beneath silage test units, where mean increases in % total carbon averaged 0.4. As indicated in Table 3 , mean % total carbon concentrations at this depth prior to composting were about 2.4%, so the 0.4 increase is only 16% of pre-composting concentrations and does not appear to be high enough to cause undesirable environmental consequences. 
Total Nitrogen
Like the % total carbon data, statistically significant increases in % total nitrogen (Table 5) were limited to the top 15 cm (0.5 ft) of soil. Unlike the total % carbon data, however, statistically significant increases in % total N were identified beneath cornstalk and straw/manure test units as well as beneath silage. Although not statistically significant, the magnitudes of the % total N increases beneath test units constructed with the soil/compost blend (N=2) or with leaves (N=1) were equal to or greater than those for ground cornstalks. Failure of these values to qualify as statistically significant is believed to be due primarily to the smaller number of trials resulting in higher estimated variability of the mean.
The statistically significant increases in % total N beneath are roughly equivalent to only 10% of pre-composting concentrations (0.21% or 2100 mg/kg) beneath cornstalk test units, but are nearly 40% of those beneath straw/manure and silage units. The 40% increases suggest that environmental consequences may result, but since total N measurements provide no indication of the chemical form or mobility of the N, their pollution-related consequences are difficult to predict.
Ammonia-Nitrogen
Analysis of ammonia-N concentrations (Table 6) While the above NH 3 -N additions are high, their environmental impacts on shallow groundwater will depend on several mitigating factors. Depending on soil pH, part of the ammonia-N will be in the form of ammonia gas which, since the bulk of the ammonia is in the upper 30 cm of soil, will volatilize into the air above the composting site after the overlying compost has been removed. Ammonia volatilization could also be enhanced by tilling the topsoil during dry weather to increase soil exposure to air.
A portion of the total ammonia in the soil also will exist as ionized ammonia (NH 4 -N + ) which is readily adsorbed by the cation exchange capacity of the soil, thereby reducing leaching potential. The effect of this mechanism is further exhibited by the ammonia data in Table 6 which shows no statistically significant increases in ammonia at depths below 90 cm.
Nitrate-Nitrogen
To complete the picture regarding potential nitrogen pollution risks to shallow groundwater, the data in Table 7 show increases in soil nitrate-nitrogen (NO 3 -N) that occurred during the composting process. Statistically significant (p<0.05) increases in NO 3 -N concentrations that were 3-20 times the pre-composting concentrations (6-12 mg/kg) were identified beneath test units constructed with the soil/compost blend. No statistically significant increases, however, were identified beneath test units constructed with cornstalks, silage, straw/manure, or leaves. Furthermore, at all depths from 0 -120 cm beneath silage and straw/manure test units, and at two depths beneath leaves, the data indicate small (not statistically significant) decreases in mean soil nitrate-N concentrations.
The lack of significant increases in soil NO 3 -N (with exception of soil/compost blend test units) indicates that little nitrification of ammonia-N took place in the topsoil beneath the emergency composting units during the 12 month composting period. This may have resulted from suppression of nitrifying organisms in the topsoil caused by chemicals contained in the leachate, or the relatively wet and compacted layer of compost at the base of each test unit may have restricted movement of O 2 into the topsoil. This raises some potential environmental concerns since removal of the compost and subsequent movement of oxygen into the upper soil layers may lead to nitrification and subsequent movement of nitrate-nitrogen into the soil profile or shallow groundwater.
The cause of the high soil NO 3 -N concentrations beneath test units constructed with the soil/compost blend is unknown. The soil/compost blend was produced by composting highly carbonaceous campus yard wastes (leaves, grass, chopped wood waste, etc.) that had been mixed with dairy manure from the ISU dairy farm. If excess manure was added to the initial compost mixture the resulting soil/compost blend may have contained relatively high NO 3 -N concentrations prior to addition of the cattle carcasses.
A practical assessment of the environmental acceptability of nitrogen-related soil and groundwater pollution risks associated with emergency composting must also consider the likely impacts of other on-farm mortality disposal alternatives. When compared with the groundwater pollution potential of burial -the most common on-farm emergency disposal method -the nitrogen-related groundwater pollution risks described above appear to be much lower. Calculations based on the typical N content of animal meat and bone tissue indicate that the four 450 kg carcasses placed in each test unit contained a total of about 40 kg of N. Based on the increases in % total N shown in Table 5 , the mean mass of total N added to the soil beneath the cornstalk, silage, and straw/manure composting test units were 4.2, 9.8, and 6.4 kg respectively, or about 10-25% of the total N that would have gone into the soil had the carcasses been buried. Not only would the total mass of N placed into the soil by burial have been 4 -10 times greater than that imposed by composting, but the N from burial also would have been placed much closer to the groundwater since most burial occurs at depths of 6 feet or greater. With these facts in mind, it would appear that the risks of shallow groundwater pollution caused by composting are considerably less than those posed by carcass burial.
Chloride
As shown in Table 8 , statistically significant increases in chloride concentrations in the soil were identified at nearly all depths from 0 -120 cm beneath test units constructed with ground cornstalks, silage, straw/manure, and the soil/compost blend. Soils beneath test units constructed with leaves showed no significant increases in chloride in any depth increment.
Chloride increases were greatest in the top 15 cm of soil, ranging from 1.4 -5 times the mean pre-composting chloride concentration (55 mg/kg) at this depth. At the 90-120 cm depth interval the increases in chloride were slightly less than the pre-composting concentrations (22 mg/kg).
Chloride is widely distributed in the environment in the form of mineral salts. It is not considered a serious water pollutant, but since it is not absorbed by the soil or converted to other chemical forms by soil microbes it is often used as an indicator of water movement. In this case, the significant increases in soil chloride concentrations at depths of 120 cm provide evidence that leachate from the composting process penetrated to this depth even though pollutants of greater concern in the leachate were retained at shallower depths. This emphasizes the importance of careful siting and construction of composting operations, particularly when groundwater or bedrock are near to the surface of the ground.
Soil pollutant loading rates predicted from measurements of leachate volume and pollutant concentrations are considerably lower than the loadings indicated by pollutant concentrations measured in the soil cores. This may have resulted from inaccurate measurement of leachate volumes, loss of chemical pollutants from the leachate, or a combination of these mechanisms.
Loss of volatile compounds, such as ammonia, from collection vessels while in the field is believed to be the most likely source of this discrepancy. , 2002 , , Dowling, 1998 . Some literature suggests that soybeans may be among the more sensitive crops to ammonia injury, and that the injury threshold may be in the range of 200-400 mg/kg which is at or well below the concentrations identified in topsoil beneath the composting test units. The adverse impact on crop emergence may have been further exacerbated by use of no-till planting. Had the soil been tilled prior to planting some ammonianitrogen would have been lost to volatilization or nitrification, surface compaction would have been reduced, and deeper soil with lower pollutant concentrations would have been mixed into the contaminated topsoil, thereby potentially reducing the adverse effects of phytotoxic chemicals in the topsoil.
Conclusions
Leachate Quantity and Quality
Leachate monitoring results suggest that the mortality composting piles have low potential to impact surface water or shallow soil or groundwater. Due to the relatively high porosity and water holding capacity of the cover materials evidence of runoff from the composting windrows was rarely noted. Mean contaminant concentrations within leachate captured at the base of test units in trials 5 and 6 ranged from 42-267, 199-1,361, 4969-29,348, and 986-10,837 respectively for NO 3 -N, NH 3 -N, total solids, and TOC (total organic carbon) with the highest concentrations consistently originating in straw/manure test units.
Due to high water holding capacity and ability to temporarily absorb and subsequently evaporate water, the amount of leachate released by the test units was less than 5% of the precipitation (500-600 mm) that fell on them throughout the year. As a result, the total mass loading of chemical contaminants into the soil beneath the windrows appeared to be relatively low in most cases. Organic carbon loadings from leachate were calculated to be less than 8% of the estimated total carbon in the top 15 cm of soil, and NH 3 -N loadings were generally less than 40 kg/ha (35 lb/acre) although in one instance the NH 3 -N loading was calculated to be equivalent to 188 kg/ha (170 lb/acre).
Soil Pollution
Statistically significant increases in chloride were observed in nearly all depth increments of soil cores collected beneath composting test units constructed from silage, cornstalks, straw, and soil/compost blend. These increases were moderate, ranging from 1.5-5 times pre-composting concentrations in the top 15 cm of soil, and 0.60 -1.2 times pre-composting concentrations in the 90-120 cm depth interval.
Statistically significant increases in % total carbon, and % total nitrogen were limited to the top 15 cm of soil. Increases in % total carbon were found only beneath silage test units, while significant increases in % total nitrogen occurred beneath silage, cornstalk, and straw/manure test units. Again, the increases in these pollutants were moderate, amounting to less than 20% of pre-composting concentrations of % total carbon, and 10-40% of % total N concentrations prior to composting.
Increases in ammonia-nitrogen appeared to pose the most significant soil pollution hazard. Statistically significant increases in total ammonia-nitrogen were noted at depths of up to 90 cm beneath test units constructed with silage or leaves, and at 30 cm and 15 cm depths respectively beneath test units constructed with straw/manure and cornstalks. Unlike the increases in chloride, carbon, and total nitrogen, the ammonia-nitrogen additions were very large ranging from 200 -800 mg/kg in the top 15 cm of soil. These are 40-160 times the precomposting levels of ammonia in the topsoil, and are equivalent to fertilizer or manure nitrogen applications of 360 -1440 kg/ha.
With the exception of the soil/compost blend (a material judged unsuitable for mortality composting for a variety of reasons), no significant increases in nitrate-nitrogen occurred beneath the mortality composting test units. High residual concentrations of ammonia-nitrogen in the topsoil following composting, however, would ultimately be expected to nitrify following removal of the finished compost from the disposal site. This could lead to subsequent nitrate pollution of the subsoil or shallow groundwater. Further monitoring of soil N at the composting research site is recommended to better understand the dynamics of ammonia dissipation in the soil, and to evaluate mitigation measures that can help to minimize groundwater pollution risks.
When compared with the groundwater pollution potential of carcass burial -the most common on-farm emergency disposal method -the nitrogen-related groundwater pollution risks associated with composting appear to be much lower. The total mass of N contained in the composted cattle carcasses was 4-10 times greater than the increases in N that were measured in the soil beneath composting test units. Furthermore, burial would have placed the carcass N much closer to the groundwater, further increasing the risks of groundwater pollution.
